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Background: Ultrasonography is a valuable tool in the evaluation of gastrointestinal disease
by directly imaging the gut wall and the peri-gut region. With the recent improvement of
ultrasonic machines, bowel disorders can be detected by ultrasonography prior to other
imaging modalities. In this study, abdominal ultrasonography was used as the first-line
tool to detect non-neoplastic small bowel disorders. Our goal was to classify the ultra-
sonographic patterns of diseased small bowel walls and to analyze the groups of these small
bowel diseases.
Patients and Methods: A total of 66 patients with suspected small bowel pathology were
enrolled in this study between August 1995 and February 2006. They received abdomi-
nal ultrasonography due to acute abdomen in the emergency department of National
Taiwan University Hospital. Ultrasonographic patterns of diseased small bowel walls were
classified as follows: Type A—palisade arrangements of edematous folds of Kerckring;
Type B—short, mildly edematous, and scattering loss of folds of Kerckring; Type C1—
mucosal thickening only and folds of Kerckring are not apparent; Type C2—mucosal and
submucosal thickening; Type D—loss of layering structure of wall with occasional bright
flecks within the wall.
Results: Type A included 16 patients with systemic lupus erythematosus enteropathy and
one cytomegalovirus enteritis. Type B included five Aeromonas and two non-typhoid enteritis
patients. Type C1 included one ischemic bowel, one protein-losing enteropathy and one
Klebsiella oxytoca enteritis. Type C2 included three non-typhoid, three Henoch-Schonlein
purpura, two tuberculosis enteritis, two eosinophilic enteritis, one Behcet’s disease, and
one Vibrio parahaemolyticus enteritis. Type D included 11 ischemic bowel, eight Crohn’s
disease, two tuberculosis enteritis, two nonspecific vasculitis, two nonspecific inflammation,
one amyloidosis, and one case of Ascaris infestation.
Conclusion: Anatomic changes in the small bowel can be demonstrated by ultrasonography.
However, ultrasonographic patterns are nonspecific as correlated with etiologies of non-
neoplastic small bowel disease. In our study, most cases of systemic lupus erythematosus
enteropathy were of ultrasonographic Type A pattern, while those of ultrasonographic
Type D pattern included ischemic bowel and Crohn’s disease.
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Introduction
Ultrasonography (US) is a valuable tool in the eval-
uation of gastrointestinal diseases by directly im-
aging the gut wall and peri-gut region [1–5]. The
ultrasonographic features of small bowel disorders
have been increasingly studied in the literature [6–8].
Thickening of the bowel wall, which results in a
target lesion, has been the predominant and most
frequent finding [9]. However, our studies show that
some patterns are discernible, especially in patients
with lupus enteropathy. Small bowel series can usu-
ally show the mucosal change in the small bowel,
but the diagnostic yield is unsatisfactory [10]. US
provides a safe, noninvasive and readily available
tool for the evaluation of small bowel. In this study,
US was used as the first-line tool to detect any non-
neoplastic small bowel disorders. Our goal was to
classify the ultrasonographic patterns of diseased
small bowel walls and to evaluate the role of
abdominal US in differential diagnosis.
Patients and Methods
A total of 66 patients with suspected small bowel
pathology were enrolled in this study. They received
abdominal US due to acute abdominal pain in the
emergency department of National Taiwan Univer-
sity Hospital between August 1995 and February
2006. For those with gastrointestinal symptoms,
the whole colon was first examined from cecum to
rectum in sequence and the small bowel was sub-
sequently checked. Furthermore, bowel loop diam-
eter, bowel wall thickness, surrounding lymph nodes,
preservation of layering, folds of Kerckring and peri-
bowel fluid accumulation were also investigated.
These patients were initially diagnosed with non-
neoplastic small bowel lesions by abdominal US.
The final diagnoses were all confirmed by pathology,
culture and/or other imaging studies. For infective
patients diagnosed with non-typhoid enteritis, Vibrio
parahaemolyticus enteritis and Klebsiella oxytoca sep-
ticemia were supported by stool culture and/or
blood culture. Other patients were all proven patho-
logically by enteroscopic biopsy or specimen from
laparotomy-assisted bowel resection.
All ultrasonographic scans were performed by 
a convex probe with a 3.5-MHz frequency trans-
ducer, machine type SSA-250A, SSA-340A or Nemio
20 (Toshiba Co., Tokyo, Japan). Ultrasonographic
patterns of diseased small bowel walls were classified
as follows: Type A—palisade arrangements of edema-
tous folds of Kerckring; Type B—short, mildly edema-
tous, and scattering loss of folds of Kerckring; Type
C1—mucosal thickening only and folds of Kerckring
are not apparent; Type C2—mucosal and submu-
cosal thickening; Type D—loss of layering structure
of wall with occasional bright flecks within the wall.
Results
Type A ultrasonographic patterns included 16 pa-
tients with systemic lupus erythematosus (SLE) enter-
opathy (Fig. 1) and one cytomegalovirus enteritis.
Type B included five Aeromonas and two non-typhoid
enteritis patients (Fig. 2). Type C1 included one is-
chemic bowel, one protein-losing enteropathy and
one K. oxytoca enteritis. Type C2 included three
non-typhoid enteritis, three Henoch-Schonlein pur-
pura, two tuberculosis enteritis, two suspected
eosinophilic enteritis, one Behcet’s disease, and one
V. parahaemolyticus enteritis (Fig. 3). Type D in-
cluded 11 ischemic bowel, eight Crohn’s disease, two
tuberculosis enteritis, two nonspecific vasculitis, two
nonspecific enteritis, one amyloidosis and one Ascaris
infestation (Fig. 4). The correlation between ultra-
sonographic pattern and diagnosis is summarized
in the Table.
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Discussion
Evaluation of small bowel abnormalities continues
to pose a significant challenge to clinicians because
many inflammatory and infectious processes that
affect the small bowel produce overlapping and non-
specific symptoms. Although barium studies have
long been considered to be the diagnostic modal-
ity of choice to evaluate diseased small bowel, the
diagnostic yield of this approach is unsatisfactory
[10]. Enteroscopy is indispensable for pathologic
diagnosis and therapeutic purposes, but it is not
feasible in most cases and is often unavailable except
in medical centers [11]. Abdominal computed to-
mography (CT) has emerged as the gold standard
in the evaluation of small bowel disorders due to
its unique ability to accurately visualize the bowel
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iF g. 1. fTwo cases of systemic lupus erythematosus enteropathy with ultrasonographic Type A pattern of palisade arrangements o
edematous folds of Kerckring.
iF g. 2. Two cases of infectious enteritis with ultrasonographic Type B pattern: mild edematous folds of Kerckring of various heights.
iF g. 3. A case of Henoch-Schonlein purpura with ultrasono-
graphic Type C2 pattern.
wall, mesentery and extraluminal diseases [12]. US
is a popular, safe, low cost and readily accessible
diagnostic tool. Both CT and US are widely adopted
as examinations of choice in the diagnosis of small
bowel diseases and they may eventually replace the
role of barium study and enteroclysis [13]. However,
CT should be avoided in patients with allergy to
contrast medium, who are pregnant, or who have
renal impairment. In contrast, US is not limited by
these complications.
With technical advances in equipment and a
better appreciation of normal and abnormal bowel
M.J. Chen, J.H. Chen, H.M. Chiu, et al
82 J Med Ultrasound 2006 • Vol 14 • No 4
iF g. 4. Two cases of ischemic bowel with ultrasonographic Type D pattern: loss of the layering structure of the wall and sometimes
bright flecks within the wall.
Table. l b d d l h f ll b l dCorre ation etween iagnosis an  u trasonograp ic patterns o  sma  owe  isease
Diagnosis
Ultrasonographic patterns of small bowel disease
Type A Type B Type C1 Type C2 Type D
Systemic lupus erythematosus 16
Ischemic bowel 1 11
Cytomegalovirus enteritis 1
Aeromonas enteritis 5
Non-typhoid enteritis 2 3
Klebsiella oxytoca sepsis 1
Vibrio parahaemolyticus enteritis 1
Tuberculosis enteritis 2 2
Eosinophilic enteritis 2
Nonspecific enteritis* 2
Protein-losing enteropathy 1
Henoch-Schonlein purpura 3
Behcet’s disease 1
Crohn’s disease 8
Nonspecific vasculitis 2
Amyloidosis of small bowel 1
Ascaris infestation 1
*The two patients who were diagnosed with nonspecific enteritis were documented by formal pathologic report of enteroscopic biopsy.
patterns, US has allowed for the recognition of
many intestinal pathologies. The thickened bowel
wall appears as a hypoechoic rim surrounding a
strongly echogenic gas-containing lumen. This is
known as the target sign, doughnut or pseudokidney
sign, initially described by Lutz and Rettenmaier in
1973 [14]. The target lesion is a nonspecific abnor-
mality and many bowel pathologies may share this
feature. Based on our study, aside from the target
lesion (we classified it as Type D), we propose four
types of distinct ultrasonographic patterns, with par-
ticular focus on the folds of Kerckring. We assume
that the discrepancy may be associated with how
deeply the layers of the bowel are involved; Type A
ultrasonographic pattern refers to changes in the
folds of Kerckring; Type B may be related to the in-
terruption of the folds; Type C1 may indicate affected
mucosa; Type C2 is associated with mucosal and
submucosal involvement; Type D may result from
mural thickening with transmural involvement.
Teefey et al stated that color Doppler flow inside
thickened bowels should provide a strong consider-
ation for ischemia, but the absence of color Doppler
flow does not prove that an intestine is nonviable
[15]. In our study, we sometimes used color Doppler
flow to evaluate the phase where the study is made
(ischemia, reperfusion, or resolution). Different de-
grees of mesenteric ischemia may result in various
bowel diameters and mucosal change, such as di-
lated bowel, focal or diffuse bowel wall thickening,
abnormal bowel wall enhancement (double halo
or target sign), mesenteric edema, engorged mesen-
teric vessel, or even peri-bowel reactive ascites [16].
US lacks the specificity for disease entity by bowel
wall thickening [17]. In addition, because high fre-
quency MHz transducer was not used, the study
only yielded limited information about mucosal
change. Even though mucosal change and Doppler
flow are well known to be strongly related to bowel
viability, this study neglected this connection and
emphasized bowel wall thickness, change in the
folds of Kerckring, and preservation of layering.
Abdominal symptoms can be a manifestation
of SLE, and most of the causes are attributed
to ischemic bowel disease as a result of vasculitis
[18]. Most cases of gastrointestinal vasculitis in SLE
involved arterioles or venules [19]. Mesentery seg-
ments of bowel thickening were multifocal because
they may involve several vascular territories [20].
However, the ultrasonographic finding in our 16 SLE
patients disclosed palisade arrangement of edema-
tous folds of Kerckring, which was similar to that of
SLE protein-losing enteropathy described by Hizawa
et al [21], rather than the feature of ischemic bowel.
Lamps, in 2007, classified Aeromonas enteritis
and non-typhoid enteritis as acute self-limited coli-
tis pattern by histologic pattern [22]. They could
be focal lesions which only have mildly hyperemic
and edematous mucosa. Some severe cases with
Aeromonas enteritis may be similar to Salmonella
typhi with pathologic focal cryptitis, ulceration and
architectural loss. Infectious enteritis, including the
five cases of Aeromonas enteritis and two cases of
non-typhoid enteritis in this study, showed either
mucosal and submucosal thickening or shorten-
ing, edematous and scattering loss of the folds of
Kerckring (classified as Type B ultrasonographic
pattern). These changes can be accounted for by
the different grading of mucosal involvement and
ulcer. The patient with Henoch-Schonlein purpura
showed Type C2 ultrasonographic pattern. Unlike
ischemic bowel, there is no change in muscular
layers. Many different kinds of conditions may cause
interruption or reduction of the blood supply in
the small bowel and result in different degrees of
bowel wall damage, ranging from transient de-
creased bowel activity to transmural necrosis [23].
Eleven patients diagnosed with ischemic bowel fit
the Type D ultrasonographic pattern. In those pa-
tients, ulceration, mucosal edema and transmural
inflammation of the colon were noted, which may
be correlated with US images of thickened wall with
loss of normal stratification and some bright flecks
within the wall. According to a previous study [24],
bowel wall thickness, loss of bowel layering preser-
vation and transmural change were positively cor-
related with the activity of adult Crohn’s disease.
In this study, we found two tuberculosis enteritis,
eight Crohn’s disease, one amyloidosis, two vasculitis,
one amyloidosis and one Ascaris infestation that
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corresponded to this ultrasonographic pattern. In
a meta-analysis of 2860 studies in 2005, US was
shown to possess a high diagnostic accuracy for
Crohn’s disease with significant heterogeneity of
the estimates of sensitivity (75–94%) and specificity
(67–100%). Even though involvement of Crohn’s
disease is limited to the ileum, US provided a valid
alternative to small bowel series [25]. Mural thick-
ening may be observed by US in patients with bowel
cancer, but the thickening is usually segmental and
sometimes eccentric [26]. Among non-neoplastic
bowel disorders, the thickening is less severe, but
uniform, diffuse and concentric.
Recognition of different ultrasonographic patterns
may be a very useful tactic for diagnosis. In con-
trast to the inconvenience of small bowel barium
and inability to reach the long territory of the small
bowel by endoscopy, US may be a useful tool for the
detection of anatomic change of the small bowel.
However, ultrasonographic patterns are nonspe-
cific as correlated with etiologies of non-neoplastic
small bowel diseases. In our study, most of the
lupus enteropathy cases exhibited Type A ultrasono-
graphic patterns, while those with ischemic bowel
and Crohn’s disease displayed Type D ultrasono-
graphic pattern. Further studies with a larger num-
ber of patients are required to substantiate these
preliminary observations.
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